he aim of the present study was to compare root surface smear layer removal following topical application of EDTA and EDTA-T (Texapon). Extracted human teeth had their cementum removed and were mechanically scaled. A total of 220 root specimens were obtained and were randomly assigned to the following groups: I-saline solution (control), II-EDTA; III-EDTA-T. Groups II and III specimens were assigned to different EDTA gel concentrations: 5%, 10%, 15%, 20% and 24%. Smear layer removal score was assessed for each specimen by scanning electron microscopy. The results demonstrated that EDTA and EDTA-T gel led to a higher root surface smear layer removal when compared to the control group. The 5% EDTA gel also showed a higher smear layer removal than the 15%, 20% and 24% EDTA gels (p<0.05). No difference could be found between the different concentrations of EDTA-T gels tested (p>0.05). EDTA gels had statistically significantly lower smear layer scores than the EDTA-T gels for the 5% and 10% concentrations. The results suggested that topical application of EDTA or EDTA-T gel led to significant smear layer removal of the mechanically treated root surfaces. The addition of a detergent to the EDTA gel formula did not improve smear layer removal of the root surface. Uniterms: Periodontal disease; EDTA etching; Smear layer; Root planing. objetivo do presente estudo foi comparar, através de microscopia eletrônica de varredura, a remoção de smear layer de superfícies radiculares após aplicação tópica de gel de EDTA com gel de EDTA-T (Texapon). Foram utilizados dentes humanos que foram submetidos a remoção de cemento radicular e raspagem. As amostras dos dentes foram divididas em 3 grupos: Grupo I-(controle) (n=20); Grupo II-gel de EDTA (pH 7,0) nas concentrações de 5%,10%,15%,20% e 24% (n=100); Grupo IIgel de EDTA-T (pH 7,0) nas concentrações acima descritas (n=100). As fotomicrografias foram avaliadas através de um índice e os dados foram estatisticamente analisados. Ambos os tratamentos com EDTA foram efetivos na remoção de smear layer quando comparados ao grupo controle. O gel de EDTA a 5% demonstrou maior capacidade na remoção de smear layer quando comparado com as concentrações de 15%, 20% e 24% (p<0,05). Não houve diferença entre as concentrações de géis de EDTA-T (p>0,05). Os géis de EDTA foram mais efetivos que o EDTA-T nas concentrações de 5 e 10%. Os resultados sugerem que a aplicação tópica de EDTA ou EDTA-T é efetiva na remoção de smear layer, principamente em baixas concentrações e a adição do Texapon não promove vantagens neste tratamento. Unitermos: Doença periodontal; EDTA, condicionamento; Smear layer; Raspagem. 2005; 13(3): 247-52 
INTRODUCTION
One of the goals of periodontal therapy is to obtain predictable regeneration of the periodontium in areas previously affected by periodontal disease 14, 24 . The key role of the diseased root surface in the regenerative process has been previously described 22 and the acid conditioning of the root surface after scaling and root planing has been introduced as a promising procedure for endotoxins and smear layer removal 21, 23 . In several in vitro studies different agents, such as citric acid 16 , ethylenediaminetetraacetic acid 4 (EDTA) and tetracycline hydrocloride 25 , have been employed successfully for smear layer removal. However, clinical studies have not demonstrated significant clinical differences 9, 10 . This smear layer removal and dentinal tubules exposure have been described as factors that may favor clot stabilization in the earliest stages of periodontal healing event by increasing blood cells and fibrin adhesion to the root surface 3 , or even improving the retention of some substances such as enamel matrix on the root surface which would act as growth factors in the periodontal healing process 13 .
Regarding the cervical dentine hypersensitivity therapy, smear layer removal could lead to a higher permeability of the desensitizing chemical agents through the dentinal tubules, since it has not been possible to demonstrate their diffusion through the dentinal tubules in the presence of smear layer 15, 19 . The use of decalcifying agents at neutral pH, such as EDTA, has been suggested because they not only preserve the vitality of the remaining periodontal cells close to the root surface, but they also remove calcium ions of the collagen dentin matrix more selectively than low-pH etching agents 10 . The use of etching agents in gel form may provide a better control of the area that must be conditioned, once the liquid form may drop on the adjacent tissue 10 . Root surfaces treated with different detergents have shown a partially demineralized aspect, with open dentinal tubules and exposed collagen fibers 20 . Although detergents used alone seem to remove bacteria and toxins of the root surface, they have not led to a selective removal of hydroxyapatite and have not exposed collagen fibers of the cementum or dentin extracellular matrix 18 . The aim of the present study was to compare by scanning electron microscopy (SEM) the smear layer removal following topical application of EDTA gel and EDTA gel with Texapon detergent (EDTA-T), added to EDTA in order to decrease the surface tension and to facilitate the spreading over the root surface. Also, the influence of concentration and application time of these substances on smear layer removal was evaluated.
MATERIAL AND METHODS

Teeth Preparation
This study was approved by Araraquara Dental School ethics committee. One hundred and ten premolars and third molars indicated for extraction due to orthodontic reasons were used in this research. After extraction teeth were stored in a recipient with saline solution to avoid dehydration.
Using a high speed cylindrical bur under copious irrigation, two parallel retention grooves were made on the buccal and lingual root surfaces of each tooth: one at the cementum/enamel junction and the other one 4mm apically to the first.
After that, the cementum between the two grooves was removed with the same cylindrical bur cited before. Immediately, scaling and root planing procedures were made by means of a Gracey 5-6 curette * leading to smear layer formation which was attempted to be remove with the EDTA and EDTA-T gels.
Samples were obtained using a diamond disc † . Roots were crosscut in the first groove separating this away of the crown. Then roots were cut lengthwise in mesiodistal direction until the second groove was reached apically where the sample was crosscut and separated in two samples of about 2mm wide by 3mm long. The next step was the storage of these specimens in a recipient with saline solution to avoid dehydration.
Treatment Groups
Specimens were randomly distributed according to the following treatment groups:
Group I: (control) Irrigation with saline solution. Group II: EDTA gel (pH 7.0) was applied in the following concentrations: 5%, 10%, 15%, 20% and 24%.
Group III: Application of EDTA-T gel (pH 7.0) in the concentrations of 5%, 10%, 15%, 20% and 24%.
In groups II and III, EDTA and EDTA-T gels were applied with a cotton pellet, which was replaced every 30 seconds. For each concentration gels were applied for 1, 2 or 3 minutes, followed by irrigation with 10mL of saline solution, or they received a 1-minute-application for 3 times, with 10mL saline solution irrigation between each 1-minute gel application.
For each application time five samples were used, in a total of 20 samples for each concentration of EDTA and EDTA-T. This way, one hundred samples were used in groups II and III, and twenty samples were used in group I (control), in a total of 220 samples.
Specimens were then dehydrated in a graded series of aqueous-ethanol solutions (50%, 70%, 85%, 95% and 100% ethanol) for 10 minutes each. Afterward the samples were dried overnight in a dehydration jar, mounted on SEM stubs and sputter-coated with gold.
SEM Examination
Photomicrographs were obtained with a 3500 times magnification from a random area for each specimen, using a SEM ‡ . Three previously calibrated and trained examiners independently evaluated the photomicrographs, in order to determine smear layer removal of the root surface using the following scores:
Score 1: Root surface without smear layer with the dentinal tubules completely open without evidence of smear layer in the dentinal tubules.
Score 2: Root surface without smear layer with the dentinal tubules completely open, but with some evidence of smear layer in the dentinal tubules entrance.
Score 3: Root surface without smear layer with the dentinal tubules partially open.
Score 4: Root surface covered by a uniform smear layer, with evidence of dentinal tubules opening.
Score 5: Root surface covered by a uniform smear layer without evidence of dentinal tubules opening.
Score 6: Root surface covered by an irregular smear layer, with the presence of grooves and/or scattered debris.
Statistical Analysis
Smear layer removal scores were independently analyzed considering group (control, EDTA and EDTA with Texapon), concentration and application time as independent variables. The non-parametric Kruskal Wallis test was used to compare the mean rank for each group, concentration, as well as for each application time tested. If p≤ 0.05, Dunn's Multiple Comparison test was applied to detect statistically significant differences between groups, concentrations and application times tested. The non-parametric Mann-Whitney test was used to compare smear layer removal scores between groups II (EDTA) and III (EDTA with Texapon) for each concentration tested (p≤ 0.05). The statistical analyses were performed using a computer software § .
RESULTS
Group I (control)
In five specimens the root surface was covered by a uniform smear layer without evidence of dentinal tubules opening (score 5). The other 15 specimens had a heavy smear layer with presence of grooves and scattered debris. Scratches caused by manual instrumentation were observed ( Figure 1 ).
Group II (EDTA ) In 5% EDTA group ten specimens had no smear layer with the dentinal tubules completely open without evidence of smear layer in the dentinal tubules entrance (score 1) ( Figure 2 ) and eight specimens with the dentinal tubules completely open, but with some evidence of smear layer in the dentinal tubules entrance (score 2). One specimen had no smear layer with the dentinal tubules partially open (score 3) and only one specimen had the root surface covered by a uniform smear layer (score 4).
The 10% EDTA group displayed 12 specimens with the dentinal tubules completely open, but with some evidence of smear layer in the dentinal tubules entrance (score 2) (Figure 3 ). In the 15% EDTA group seven specimens showed the root surface without smear layer with the dentinal tubules partially open (score 3) and five specimens displayed root surface covered by a uniform smear layer, with evidence of 
SAMPAIO J E C, CAMPOS F P, PILATTI G L, THEODORO L H, LEITE F R M
dentinal tubules opening and, on the other hand, five specimens had no smear layer with the dentinal tubules completely open, but with some evidence of smear layer in the dentinal tubules entrance. Seven specimens had no smear layer with the dentinal tubules partially open (score 3) and seven had smear layer with evidence of dentinal tubules opening (score 4) in 20% EDTA group. Finally, in the 24% EDTA group fourteen specimens had no smear layer (score 1, 2 or 3) and eleven had dentinal tubules partially open (score 3) (Figure 4) .
Group III (EDTA-T) The 5% EDTA group displayed seven specimens with root surface covered by a uniform smear layer without evidence of dentinal tubules opening, ten specimens had no smear layer (score 1, 2 or 3) and only one specimen had no smear layer with the dentinal tubules completely open (score 1). In the 10% EDTA-T group eleven specimens had no smear layer (score 2 or 3); in the 15% EDTA-T group fourteen specimens had no smear layer (score 1, 2 or 3) and in the 20% EDTA-T group sixteen specimens had no smear layer (score 1, 2 or 3). Finally, in the 24% EDTA-T group fifteen specimens had no smear layer (score 2 or 3) ( Figure  5 ).
Data Analysis
Considering concentration as an independent variable, the non-parametric Kruskall Wallis test showed that there was a statistically significant difference between the concentrations tested regarding smear layer scores (p<0.0001). Dunn's Multiple Comparison test demonstrated that all the EDTA gels exhibited statistically significant lower smear layer scores when compared to the control group (p<0.01). The 5% EDTA gel also showed a higher smear layer removal than the 15%, 20% and 24% EDTA gel (p<0.05). When the EDTA-T gels were analyzed, the non-parametric Kruskall Wallis test also showed that there was a statistically significant difference between the gels tested regarding smear layer scores (p<0.0001). All the EDTA-T gels exhibited a lower smear layer score when compared to the control group (p<0.001), but no difference could be found between the different concentrations of EDTA-T gels tested (p>0.05).
When considering the application time as an independent variable, the 3-minute application time led to a higher smear layer removal than the other two application times tested (p<0.05) (data not shown). The non-parametric Mann-Whitney test demonstrated that, when the smear layer removal scores between groups II (EDTA) and III (EDTA with Texapon) were tested for each concentration, 5% and 10% EDTA gels had statistically significant lower smear layer scores when compared to 5% (<0.0001) and 10% EDTA-T (0.0237) gels, with no difference when the two gel formulations were tested for the other concentrations (Table  1) . 
DISCUSSION
Since the presence of endotoxins and the possibility of bacterial invasion in periodontally diseased cementum and dentin have been demonstrated 1, 2, 11, 12, 17 , the use of chemical agents such as citric acid has been suggested as an important step during periodontal new attachment procedures (recently termed periodontal regenerative procedures). Smear layer removal by the use of root surface conditioning agents could favor a new connective tissue attachment with new cementum formation after regenerative procedures, although in vivo studies have failed to demonstrate significant clinical differences between conditioned root surfaces and controls, in both surgical and non-surgical periodontal therapies 9, 10 . Root surface conditioning, by exposure of collagen fibers of the dentin extracellular matrix 1-2 , may favor fibrin deposition and consequently clot stabilization in the earliest phase of periodontal healing 3 , increasing the retention and contact of substances actually used during regenerative procedures, such as enamel matrix derivative proteins which could act as growth factor during the periodontal healing process 13 . In this study, the specimens treated by scaling and root planing followed by saline solution application (Group I) demonstrated an irregular smear layer formation along the root surface, in accordance to several previous studies 1,2,11 ( Figure 1 ). On the other hand, the use of EDTA gel with or without a detergent (Texapon) after scaling and root planing procedures resulted in effective smear layer removal with dentinal tubules exposure in many specimens in SEM photomicrographs. These findings are in accordance to several studies where the use of EDTA led to a complete smear layer removal of the root surface 5, 6, 8 . Many substances have been proposed for root surface conditioning after scaling and root planing. Recently EDTA, which has a neutral pH, has maintained more vital periodontal cells adjacent to the etched surface when compared to low-pH agents, such as citric acid. In the present study, a detergent named Texapon was added to the EDTA gel formulation (EDTA-T) in order to decrease the surface tension and to facilitate the spreading over the root surface. The effects of the association between EDTA and Texapon on smear layer removal and also on dentinal tubules exposition were analyzed. The SEM analysis showed that EDTA-T gel application resulted in a similar smear layer removal and dentinal tubules opening compared to the group where the specimens received EDTA gel application without Texapon (EDTA). This demonstrates that the addition of Texapon detergent in the EDTA gel formulation did not improve the in vitro results seen for the EDTA gel group. On the other hand, Okte & Bal using 2% sodium lauryl sulfate and 0.1% cetylpyridinium chloride on the root surface for a longer application time (5 minutes), observed that the treated root surface presented partially demineralized aspect, with dentinal tubules and collagen fibers exposure 20 . In this study, the EDTA gel (without detergent) in the concentrations of 5% and 10% resulted in statistically significantly lower smear layer scores than in higher concentrations. This surprising result could be explained by the fact that the EDTA gel formulation exhibited a higher viscosity for the higher concentrations which could have hindered the EDTA gel spreading over the mechanically treated root surface. An effective contact of the EDTA gel molecules to the root surface probably did not occur, and consequently fewer calcium ions were removed of the cementum or dentin surface, leading to an incomplete smear layer removal. Therefore, EDTA gel formulation in lower concentrations such as 5% or 10% resulted in an easily 
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spreading over the root surface, which may have favored the smear layer removal. Regarding the application times tested, the EDTA gel application for 3 minutes resulted in greater smear layer removal than in the subgroups where the gel was applied for 1 or 2 minutes. Thus, the application time could influence the effectiveness of smear layer removal and dentinal tubules opening by the EDTA gel formulations. These findings corroborate several studies that have analyzed the influence of application time of this root surface conditioning agent 4, 7 .
CONCLUSION
According to the results found in this study, it is possible to conclude that EDTA gel effectively removed smear layer of instrumented root surface, and that the addition of a detergent (Texapon) in its formulation did not improve the results commonly found with the use of the EDTA gel without detergent. Further studies are necessary to establish the in vivo importance of EDTA gel application as an additional step during periodontal therapy, especially in regenerative procedures, as a way to provide a biologically acceptable environment that could favor connective tissue cell colonization of previously diseased root surfaces.
